Background: Handovers in patient care are increasingly common occurrences in medicine and are highly susceptible to communication failures. Intraoperative anaesthesiology handovers are especially challenging because of concurrent management of the patient. Our goal was to develop and use an electronic handover checklist as an educational tool to teach anaesthesiology trainees a standardised method of handing over a case intraoperatively. We hypothesised that the use of the checklist would systematically enhance the transfer of accurate and complete information.
Handovers
Electronic tool helps anaesthesia trainee handovers 
SUMMARY
Background: Handovers in patient care are increasingly common occurrences in medicine and are highly susceptible to communication failures. Intraoperative anaesthesiology handovers are especially challenging because of concurrent management of the patient. Our goal was to develop and use an electronic handover checklist as an educational tool to teach anaesthesiology trainees a standardised method of handing over a case intraoperatively. We hypothesised that the use of the checklist would systematically enhance the transfer of accurate and complete information.
Methods: Thirty-four anaesthesia trainees were observed giving an intraoperative handover without the checklist, and then again with the checklist at a later time. An observational handover assessment tool was used by investigators to mark each item as either spontaneously relayed by the giver, elicited by the receiver, not discussed or not applicable to the case. After the use of the checklist, each handover giver filled out a survey related to his or her perceptions of the checklist.
Results:
The proportion of items spontaneously relayed increased from 54% without the checklist to 98% when using the checklist (p < 0.0001 3 More attention has been drawn to the importance of safe handovers as resident duty hour restrictions have increased the number of handovers. In anaesthesiology, intraoperative handovers are more complex because of simultaneous demands for the provider's attention. 4 It has been recognised that a lack of effective communication specifically during an intraoperative anaesthesia handover can lead to adverse events. [5] [6] [7] Saager et al. found that the risk of morbidity or mortality increased by 8% with every anaesthetic handover, and suggested that the use of a checklist would decrease this risk. 5 We hypothesised that the use of an electronic intraoperative handover checklist and tutorial would promote effective communication by increasing the transfer of important information. Our objective was to create and to pilot an electronic anaesthesia handover checklist, and to teach trainees a systematic method of conveying information intraoperatively to eliminate gaps in patient care.
METHODS
This study was approved by the Baylor College of Medicine and Harris Health institutional review boards, and written informed consent was obtained from all study participants. The authors had no conflicts of interests. An electronic survey asking which pieces of information were important in a handover was distributed via e-mail to members of the Department of Anaesthesiology. Two faculty anaesthesiologists with a focused interest in quality improvement used the survey results and feedback to create a checklist consisting of the most essential patient information (Figure 1) . The checklist was then incorporated into the anaesthesia intraoperative record on our electronic medical record system (EPIC) as a handover button in November 2016.
The handover button became a permanent fixture on the intraoperative record and was strategically placed with a group of other buttons that were routinely clicked by the trainees. For the handover of care, the trainee would click on the handover button for the checklist to appear as a pop-up window. The checklist was mainly devised as a visual guide; however, options to type in the information were also provided. As the handover process ensued, boxed items that were discussed could be clicked, resulting in a colour change to blue. The colour change acted as a prompt to help the handover giver to address each applicable item.
Thirty-four anaesthesiology trainees, including residents and student nurse anaesthetists, were recruited to pilot test the checklist. The study design consisted of observing an anaesthesiology trainee complete a handover without the checklist (i.e. baseline observation) and then again with the checklist at a later time. When a transfer of intraoperative care was assigned from the operating room schedule, an investigator went into the room, explained the purpose of the study, and obtained consent from both parties. The handover occurred immediately afterwards with the investigator being present for the entire handover exchange. An observational handover assessment tool that included all of the possible handover items on the checklist was created to record whether each item on the checklist had been discussed. Each item was marked by the investigator as either spontaneously relayed by the giver, elicited by the receiver, not discussed or not applicable to the case. The date, names of participants, and start and finish times of the handover were also noted. After the baseline observation was obtained the giver of the handover was observed again with the checklist at a later time, with an average time of 8 days elapsing between the observed handovers. Immediately before the second observation, the trainee was given a tutorial by the investigator who explained the purpose of the checklist, features of the checklist and gave directions on how to use the checklist. Once this instructional session was completed, the trainee proceeded to use the checklist to deliver the handover of patient care. The same observational handover assessment tool was used in the same manner to record the items that were discussed.
After the second encounter, the handover giver was asked to fill out a four-question survey about his or her experience with the checklist.
RESULTS
Thirty-four anaesthesiology trainees rotating through Ben Taub Hospital were recruited for this study. The participants were not analysed by category. As each of the trainees was observed twice, there were a total of 68 observations. Figure 2 summarises the proportion of information spontaneously relayed before and after the use of the checklist by the participant. The mean proportion completed was 54% (95% CI 50-59%) before the checklist and 98% (95% CI 97-99%) after the checklist (p < 0.0001). On average, the proportion of items spontaneously relayed was 44 percentage points (95% CI 39-48%) higher when the checklist was used compared with when the checklist was not used.
Statistically significant items more frequently spontaneously relayed with the checklist were allergies, ease of mask ventilation, narcotics use, antibiotic administered, neuromuscular blockers, vasopressors, fluids, estimated blood loss, urine output, emergence, disposition, pain control and placement of postoperative orders (Table 1) .
A paired Student's t-test was also used to test the null hypothesis that there was no difference in the time to complete the handover with or without using the checklist. The mean time to complete the handover was 3.24 minutes before the checklist and 3.15 minutes after the checklist. On average, the handover was completed approximately 5.3 seconds faster with the checklist (p = 0.70).
Overall, 100% (95% CI 89.7-100%) of the participants agreed that their handovers were more thorough with the checklist and would incorporate it into their daily practice. Ninetyfour percent (95% CI 80-99%) of the trainees believed that the checklist made their handover more efficient and 91% (95% CI 76-98%) felt that it improved their communication skills.
The checklist was mainly devised as a visual guide Figure 2 . Summary of the proportion of information spontaneously relayed before and after the use of the checklist by participant
DISCUSSION
Overall, our results show that the tutorial and checklist improved every trainee's handover in terms of the number of pieces of important patient information conveyed (Figure 2) . Without the checklist, commonly missed items were ease of mask ventilation, antibiotics, vasopressors, fluids, estimated blood loss, urine output, emergence, disposition, pain control and placement of postoperative orders. With the intervention of the tutorial and checklist, each of those items showed a statistically significant higher rate of transmission ( Table 1 ). The most substantial improvement seen was in the postoperative section, which included the plan for emergence, disposition, pain control and postoperative orders.
In addition, even though the checklist was more thorough, it did not prolong the time of the handover process. Its systematic arrangement streamlined the Our results show that the tutorial and checklist improved every trainee's handover handover delivery and, on average, trainees were able to cover more information in the same amount of time. Similarly, the study by Agarwala et al. also showed that the duration of the intraoperative handover was not increased with the implementation of their checklist. 8 Educating trainees to deliver thorough handovers should be a priority for patient care and safety. There are several published papers that advocate teaching residents a standardised handover process using a checklist. 1, 9, 10 In our study, we combined the introduction of the checklist with a tutorial in order to enhance the correct use of the checklist as well as to answer any of the trainees'questions. Separating the tutorial itself as one arm of the study for comparison may be considered for a future study.
There were a few limitations with this study. First of all, the study participants were not randomised. They were recruited solely based on their availability for a baseline handover observation. Once their baseline observation was completed, they were then followed up for a subsequent handover observation with the checklist.
Observer bias and observer effect were two possible limitations in this study. Although a standardised handover assessment tool was used to check for objective end points, there is a possibility that responses were interpreted more favourably if there was ambiguity. Data collection was restricted to two investigators to minimise nonconformity; however, intra-rater reliability was not established. Observer effect was also noted, as the participants were keenly aware that the investigators were evaluating their handover, and consequently may have modified their behaviour. In regards to their initial handover without the checklist, trainees were asked if they deviated from their usual routine. Several trainees admitted that they gave a more elaborate handover than usual. As a result of the observer effect, some of the baseline observations may be falsely elevated, minimising the differences seen with and without the checklist. As the tutorial on how to use the handover checklist was given immediately before the second observation, the passage of time and subsequent increase in experience gained was not a factor.
We have learned several things from our implementation of an electronic handover checklist. Most importantly, the inclusion of an electronic tool should be accessible and easy to use. The most impactful items in our study were the discussion for emergence, disposition and postoperative pain control. Prior to the use of the checklist, these items were the least discussed even though the handover receiver was most likely to finish the case. In addition, although we saw a significant improvement to 98% of information transferred with the initial use of the checklist by the trainee, more practise and periodic evaluation may help learners to achieve 100% of information transfer. A standardised handover checklist and tutorial introduced in a training programme not only appear to teach learners what information is important for the handover of patient care, but also provides a basis for assimilation into lifelong practice. Ultimately, this may improve patient care as adverse outcomes from communication failures may be reduced.
